INTRODUCTION
Portal cholangiopathy (PC) is an entity that consists of abnormalities of the intrahepatic and extrahepatic biliary system and gallbladder that occurs in patients with portal cavernoma.
1e5 These abnormalities are identified by means of cholangiographic imaging techniques in over 80% of patients with portal vein obstruction. 1 6 Despite the high rate of biliary tract abnormalities, clinical consequences such as cholecystitis, cholangitis and jaundice are uncommon with a reported frequency ranging from 5% to 38% in different series. 1 6 7 To date, all reported series of PC have been crosssectional. 1 2 6 8e11 There are limited data on the relationship between radiological abnormalities and clinical manifestations and on the evolution of these radiological changes over time. In addition, the natural history of PC after the acute episode of portal vein thrombosis (PVT) has not been studied. The aim of this study was to evaluate these issues in a cohort of patients with portal cavernoma and, in particular, in a subgroup of patients in which the episode of acute PVT was recognised.
Significance of this study
What is already known about this subject?
< Portal cholangiopathy (PC) is an entity that consists of abnormalities of the intrahepatic and extrahepatic biliary system and gallbladder that occur in patients with portal cavernoma. < PC is identified in over 80% of patients by means of cholangiographic imaging techniques. However, clinical effects (cholecystitis, cholangitis, jaundice) are uncommon with a reported frequency up to 38%. < To date, all reported series of PC have been cross-sectional.
What are the new findings?
< PC is a frequent complication in patients with non-tumoral non-cirrhotic portal vein thrombosis (NC-PVT). This study develops a novel radiological classification for PC that, for the first time, shows a correlation with the probability of developing biliary symptoms. < Not all abnormalities of the biliary tree found at cholangiography are associated with the same risk of developing symptoms; PC symptoms seem to occur only in patients with grade III PC. < Grade III PC is present in about 50% of patients with NC-PVT. < PC develops early after acute PVT if nonrecanalisation is achieved. Once it occurs, the capacity of biliary abnormalities to progress after 1 year of evolution is extremely low.
How might it impact on clinical practice in the foreseeable future?
< The finding of grade III PC at cholangiography may be useful for identifying patients with a higher risk of developing symptoms of PC and therefore potential candidates to test strategies to prevent the development of symptoms of PC. < Future studies are needed to evaluate possible risk factors for developing PC and to determine the best treatment for patients who develop symptoms of PC.
METHODS Patients
From January 1996 to September 2008, 93 consecutive patients with non-cirrhotic non-tumoral portal vein thrombosis (NC-PVT) seen at our unit were considered eligible for the study. In all patients liver cirrhosis, BuddeChiari syndrome, idiopathic portal hypertension and malignancy were excluded according to clinical history and follow-up, biochemical data (including markers of viral infection and autoimmunity), liver imaging tests and/or liver biopsy when necessary. Patients with NC-PVT were managed and followed according to the protocol established at the Liver Unit, including complete screening for known inherited or acquired prothrombotic disorders. 12e15 The diagnosis of thrombosis and evaluation of its extension is initially performed with Doppler ultrasound, CT scanning, MR angiography (MRA) and/or arteriography. Patients are followed up 3 months after the initial diagnosis and every 6 months thereafter or whenever a clinical manifestation appears. Since 2003, MR cholangiography (MRC) coupled with MRA (MRA/MRC) was included in the routine evaluation of incidental patients and of those previously diagnosed and in active follow-up. MRA/ MRC permits simultaneous evaluation of extension of the vascular thrombosis, the distribution of collateral veins and the biliary tree to assess the presence and degree of PC in a single non-invasive investigation. In addition, MRA/MRC is scheduled during follow-up to assess the development or progression of PC and is repeated whenever the patient develops symptoms related to PC.
MRA/MRC images were reviewed by the same radiologist (CdJ) who was blind to the clinical history. MR was performed in a 1.5 T MR imaging unit using a phased-array coil. The MRC protocol consisted of heavily T2-weighted images using breathhold single-shot-fast-spin-echo sequences and included multiple thin slabs (4 mm) orientated in the axial and coronal plane and multiple oblique thick slabs (30e60 mm) orientated radially around the common bile duct. MRA was performed in the axial or coronal plane using fast-spoilt gradient-echo sequence during the administration of intravenous gadolinium (gadopentate dimeglumine) and arterial, portal and delayed phases were obtained. Post-processing of images was performed to obtain three-dimensional reconstructions of the vascular map. Liver MR included also axial T2-weighted and in and out of phase T1-weighted sequences. MRC images were evaluated for the presence of biliary stenoses (number and location), upstream dilation, angulations, indentations and irregularities of the parietal duct. An abnormal increase in the calibre of the ducts located proximal to a relatively narrow segment was considered significant for ductal dilation. Abnormalities of the biliary tree were classified into different degrees of severity: no abnormalities; grade I (irregularities or angulations of the biliary tree); grade II (indentations or strictures without dilation); and grade III (strictures with dilation; biliary dilation was considered when the intrahepatic duct was $4 mm or when the extrahepatic duct was $7 mm) (figure 1). Biliary abnormalities were also classified according to a previous classification suggested by Chandra and Sarin 16 as type I (involvement of extrahepatic bile duct), type II (involvement of intrahepatic bile ducts only), type IIIa (involvement of extrahepatic bile duct and unilateral intrahepatic bile duct left or right) and type IIIb (involvement of extrahepatic bile duct and bilateral intrahepatic ducts). The presence of gallstones or common bile duct stones was also reported. Extension of the thrombosis to the different segments of the portal venous axis, the presence of portalesystemic collaterals and of extrahepatic or intrahepatic cavernoma was also evaluated.
In a subgroup of patients an episode of acute PVT was identified. Acute PVT was defined as an episode of recent abdominal pain in which imaging studies showed a normal liver with absence of flow in part or all of the lumen of the portal venous vessels and solid material in the vessel lumen or in its left and right branch without evidence of portoeportal or portalesystemic collateral circulation. 13 Patient charts were retrospectively reviewed and epidemiological, clinical and MRA/MRC data were recorded on a previously designed case report form. Data were collected up to September 2008, death, loss to follow-up or liver transplantation. 
Statistical analysis

SPSS
RESULTS
Ninety-three patients with portal cavernoma were considered eligible for the study. In 26 patients there was no MRA/MRC available (4 patients had claustrophobia and 22 were lost to follow-up, 15 because they were sent to their original centre after diagnosis). Thus, 67 patients were included in the final analysis. The median age of the patients at the time of the first MRA/MRC was 47 years (range 19e77) and 61% of them were men. All patients had a complete aetiological investigation except the JAK2V617F mutation which was assessed in 79% of patients. Twenty-two patients were diagnosed during acute PVT but, despite the use of early anticoagulation, progressed to chronic cavernoma during follow-up. The remaining 45 patients were diagnosed in the chronic phase (chronic PVT) and anticoagulation was initiated in 10 after the underlying thrombophilic disorder was identified. The aetiology and clinical characteristics of the patients are summarised in table 1. Table 2 shows the radiological findings obtained at MRA/MRC of the more severe grade of PC developed for each individual patient. As shown in table 3, no significant differences in clinical or radiological data were observed between patients with normal MRA/MRC or with different grades of PC. Also, no significant differences were observed between patients with grade III PC and those without PC or with less than grade III PC (data not shown). No progression of vascular thrombosis of the portal venous axis was observed after inclusion in the study.
Radiological findings
Development of PC after acute PVT
Twenty-two of the 67 patients were followed up after a recognised episode of acute PVT. The median time between diagnosis of acute PVT and index MRA/MRC was 33 months (range 1e102), without significant differences in those without PC (37 months (range 6e77)) or those with grade I PC (8 months (range 4e102)), grade II PC (41 months (range 21e94)) or grade III PC (37 months (range 1e67)), (p¼0.8).
In 10 of these patients MRA/MRC was performed during the first year of follow-up. Six patients already had PC (3 grade III, 3 grade I). Remarkably, two of these patients had had a previous MRA/MRC performed within 1 month of acute PVT showing no PC or grade I PC, which progressed to grade I and grade III PC, respectively, when MRA/MRC was performed 6 and 4 months later.
Of the four patients without PC in the first year, three continued to be without PC when MRA/MRC was performed a median of 36 months (range 14e53) after acute PVT and one patient developed PC grade II at MRA/MRC performed 49 months later (figure 2). Of the three patients with PC grade I, no further progression was observed in two at MRA/MRC performed after 1 and 3 years, respectively, while no further assessment of PC was performed in the remaining patient.
In 12 patients the first MRA/MRC was performed >1 year after acute PVT. Three patients had no PC at a median of 54 months (range 39e77) after acute PVT while nine patients had PC (1 grade I, 3 grade II, 5 grade III) at MRA/MRC performed a median of 49 months (range 21e102) after acute PVT. Interestingly, two of the four patients with less than grade III PC in whom an additional MRA/MRC was performed 17 and 26 months later, respectively, showed no progression. Overall, in 16 of the 22 patients (73%), PC was identified at MRA/MRC performed a median of 33 months (range 1e102) after acute PVT (4 grade I, 4 grade II and 8 grade III; 5 Sarin's type I, 4 type II, 5 type IIIa and 2 type IIIb) and six patients remained without 
Symptoms
Overall, 14 of the 67 patients (21%) experienced episodes of symptomatic PC. Six patients presented with abdominal pain with raised levels of hepatic enzymes (three with choledochal When the clinical characteristics of patients with and without symptoms were compared, there were no significant differences in the presentation of PVT (acute vs chronic), sex, length of follow-up or the presence of previous complications of PVT such as variceal bleeding or ascites (table 4) .
Sixty-one patients had at least one MRA/MRC without having previous biliary symptoms; eight of them developed symptoms of PC during follow-up. As shown in table 5, these eight patients had significantly higher levels of alkaline phosphatase, GGT and bilirubin while asymptomatic than the 53 patients who did not develop symptoms of PC. This was also observed when we excluded from the analysis patients with less than grade III PC who were without symptoms (table 5) . However, no differences between these two populations were observed in relation to the extension of PVT, cavernoma or the presence of systemic collaterals (not shown).
Incidence and prevalence of symptomatic PC Acute PVT Four of the 22 patients (18.2%) followed up after acute PVT developed symptoms of PC a median of 42 months (range 11e120) after the diagnosis. The 5-year actuarial probability of developing symptoms of PC after acute PVT was 19%. Interestingly, all patients had PC grade III at the last MRA/MRC before developing symptoms. According to Chandra and Sarin's classification, two of these patients had type I PC and two had type IIIa PC.
Chronic PVT
In two (4.4%) of the 45 patients with chronic PVT, PC symptoms were the initial manifestation of the disease and in four additional patients symptoms appeared in patients with known chronic PVT but without previous evaluation of the biliary tract. These six patients had MRC for the diagnosis of biliary symptoms and in all cases grade III PC was observed. In four of them further MRA/MRCs were performed after symptom resolution and all remained with grade III PC. All six patients had type IIIb PC according to Chandra and Sarin's classification. 16 Four additional patients developed symptoms a median of 118 months (range 5e193) after the diagnosis of chronic PVT and 9 months (range 2e20) after the previous scheduled MRA/ MRC which, in all cases, showed PC grade III (or type IIIb PC according to Chandra and Sarin's classification). 16 The prevalence of symptomatic PC was 10/45 (22.2%). The 5-year and 10-year actuarial probability of symptomatic PC after diagnosis of chronic PVT was 9% and 13%, respectively.
Prognostic value of Sarin's classification of PC and the current classification
Overall, 52 patients had PC, 34 of them grade III. As already mentioned, all patients with symptoms had grade III PC. The presence of grade III PC has a positive predictive value (PPV) of developing symptoms of 41% and a negative predictive value (NPV) of 100% with a sensitivity of 100%. Thus, the absence of grade III PC at MRA/MRC removes the possibility of developing symptoms of PC.
By contrast, according to Chandra and Sarin's classification, 16 of the 14 patients with symptoms, 10 had type IIIb, two had type IIIa and two had type I. The PPV of having symptoms with PC type IIIb was 45% and the NPV was 91%, with a sensitivity of 71%.
Treatment
The six patients with choledochal stones were treated with sphincterotomy and stone extraction; in addition, three of them received ursodeoxycholic acid. One of these patients had a residual cholelithiasis and a cholecystectomy was attempted but was abandoned because of a severe haemoperitoneum during the surgical procedure; this patient is alive and symptom-free. In another patient, despite initial improvement, the symptoms recurred but were successfully controlled with a repeat sphincterotomy. One further patient persisted with obstructive jaundice and was successfully treated with derivative biliary surgery. Two other patients (one with cholangitis and one with obstructive jaundice, both without biliary stones) were successfully treated with sphincterotomy plus ursodeoxycholic acid. Five additional patients with abdominal pain and cholestasis were treated with ursodeoxycholic acid which resulted in disappearance of the symptoms and improvement in liver tests. Finally, one patient with acute lithiasic cholecystitis underwent a successful cholecystectomy.
DISCUSSION
In patients with chronic PVT, several transversal studies have described a high prevalence of PC. 1e11 14 16e18 However, to date there are no data on the natural history of PC in patients with PVT. In addition, the relationship between radiological abnormalities of the biliary tree and the presence of clinical symptoms or the factors that may predict their appearance are not well known.
The results of the present study, in a large cohort of patients with PVT, show a high prevalence of PC (77%) that is in the range of that previously reported.
1e9 17 18 Thus, our *In patients with symptoms, their characteristics at the development of symptoms and, in patient without symptoms, their characteristics at the end of follow-up are shown. yNo differences were observed when the six patients with surgical shunts were not considered 32/39 (82%). PVT, portal vein thrombosis.
classification does not increase the number of patients diagnosed with PC but allows, for the first time, the classification of PC into different morphological patterns with different clinical outcomes. Similar to previous studies, there were no clinical or laboratory data predicting the presence of PC at MRA/MRC. Indeed, 33% of those patients without PC had an increase in cholestatic enzymes. By contrast, normal liver tests were found in 50% of patients with PC, even in those with grade III. Imaging studies of the biliary tree are therefore essential to dismiss or confirm the presence of PC. An important finding of our study is the observation that not all abnormalities of the biliary tree found at MRA/MRC are associated with the same risk of developing symptoms: symptomatic PC only occurred in patients with grade III PC. The overall prevalence of symptomatic PC in our cohort was 21%. However, this figure increases to 41% when only patients with grade III PC are considered. These data suggest that the finding of grade III PC at MRA/MRC may be useful to identify patients with a higher risk of developing symptomatic PC, and these patients are potential candidates in whom to test prophylactic strategies to prevent the development of symptomatic PC. This concept is even more relevant when considering the other two important findings of the study: (1) the appearance of PC is an early event in the natural history of PVT and (2) once it appears, the abnormalities of the biliary tree remain stable. According to our data, after a non-recanalised episode of acute PVT, the development of PC occurs mainly during the first year of followup. The early evolution of the biliary abnormalities was suggested by the two patients in whom a very early MRA/MRC performed just 1 month after the diagnosis of acute PVT showed no or only minimal changes in the biliary tree but had clearly progressed in a second MRA/MRC performed only a few months later (5 and 7 months, respectively). In contrast, the capacity of biliary abnormalities to progress after 1 year of evolution is extremely low. In fact, only one patient showed progression of PC 1 year after the diagnosis of acute PVT, and only one patient of the current cohort with chronic PVT had PC grade I that progressed to grade II. Remarkably, none of these cases reached grade III PC which, according to our data, is the threshold biliary lesion at risk for developing symptoms. Our data are not contradictory with previous findings showing that the prevalence of symptomatic PC increases over time. Indeed, patients who develop grade III PC seem to have a high risk of developing symptoms. Therefore, the longer the period of time that patients are in this high-risk situation, the higher the probability of developing symptoms. Together these data suggest that MRA/MRC should be performed 6e12 months after acute non-recanalised PVT and at diagnosis of chronic PVT. Patients in whom MRA/MRC shows grade III PC, especially those with high GGT and alkaline phosphatase levels, are at risk of developing symptoms of PC. This is not surprising because dilation of the biliary tract is a major risk factor for developing biliary stones, which were the trigger of symptoms in 50% of our patients with symptoms. In contrast, if grade III PC is not found and because of the small risk of these lesions progressing or causing symptoms, no further follow-up MRA/MRCs are needed. Figure 3 shows a proposed algorithm for the diagnosis of PC in PVT that should be prospectively validated.
Previous studies suggested that patients with symptoms are older, have a longer duration of disease, more frequent oesophageal varices and previous variceal bleeding and the presence of solid tumour-like cavernoma. 6 7 However, we could not confirm this in our patients. The only differences found between patients with and without symptoms were the grade of PC and the previous elevation of liver tests. The cause of cholestasis in patients with PVT may be multifactorial. However, the presence of cholestasis in patients with grade III PC seems to provide an additive risk for developing symptoms of PC. Symptomatic PC has been reported in previous studies ranging from 5% to 38%. 1 2 5 6 8 9 19 In our cohort, symptoms of PC developed in 18.2% of patients after a diagnosis of acute PVTand in 22.2% of those with chronic PVT. However, the 5-year actuarial probability of developing symptoms was 19% after the acute PVT episode and only 9% after the diagnosis of chronic PVT. We do not have a clear explanation for this finding, but it may be related to the previously-mentioned fact that severe (grade III) PC establishes and stabilises early during the first year after acute PVT. Thus, those patients with chronic PVT and grade III PC who have not yet developed symptoms may be a selected population of patients with a lower risk of developing symptomatic PC.
Our series confirms that, once symptomatic PC appears, it is generally severe, life-threatening and usually requires to be treated with invasive procedures, especially when biliary stones are present. 20 However, it is important to mention that less severe forms presenting with abdominal pain and cholestasis but without choledochal stones may respond to ursodeoxycholic acid. In three of our patients a surgical intervention was performed (a cholecystectomy in two, in one this was not possible because he developed a severe haemoperitoneum). In the remaining patient a biliary derivative procedure was performed after failure of previous medical and endoscopic treatment. Despite the successful intervention, due to the presence of large collateral veins in the hepatic hilium, biliary derivations should only be considered after medical and endoscopic therapy have failed and a surgical derivative shunt fails or is not possible. 6 19 21 22 In the present study the radiological changes in the biliary tree were classified by one of us without knowledge of the clinical data of the patients. The classification of radiological abnormalities was made according to their effect on the biliary tree (from irregularities to strictures with dilation) instead of being classified exclusively according to their location, as is the case in previous classifications. 16 Our hypothesis in developing the classification was that the presence of symptoms is probably related more to the presence or absence of biliary dilation, independent of the location and number of abnormalities based on their location in the biliary tree. However, using our classification, all patients with symptoms among those with grade III PC fit into the three groups in the classification of Chandra and Sarin. 16 As a consequence, our classification is associated with a better NPV and sensitivity for predicting symptomatic PC than that of Chandra and Sarin, 16 suggesting that it is more clinically meaningful.
In conclusion, radiological PC is a frequent complication which usually develops and stabilises early after PVT and becomes symptomatic in its more severe form (grade III). These data suggest that follow-up MRA/MRCs are not mandatory and strategies to prevent the development of symptoms of PC should be tested in patients with grade III PC. 
